Basic Principle of ACA
The ant colony algorithm is a biomimetic algorithm based on ant colony behavior. Real ants are capable of finding the shortest path from an ant nest to a food source. Because, while walking, ants deposit a pheromone on the ground, and follow previously deposited pheromones by other ants. Figure 1 shows the process of how ants exploit pheromones to find the shortest path between two points.
In Fig. 1 , point A is a nest, point E is a food source, point B or point D is a path-crotch, the line HC is an obstruction, and d is the distance between two points. Because of barrier HC, the ants, which come out of nest A or go back from food source E, can reach their destinations only via H or C. Suppose all ants go there and back between A and E at a speed of 1 unit length per unit time, and there are 30 ants per unit time from A and E to E and A to decide whether to turn left or right at B and D (Fig. 1a) , respectively. At first, they choose randomly (15 left and 15 right separately, Fig. 1b ) because there is no pheromone along the paths. After 1 unit time, the 30 ants have passed through the shorter path BCD, and deposit pheromone on the ground, while only 15 ants have done so through the longer path BHD (length double BCD).
Therefore, the amount of pheromone on BCD is two-times as much as that on BHD. Then, there again are 30 ants to choose the path at B and D, respectively. Since the amount of pheromone on BCD is different from that on BHD, the path choice of the ants is influenced, and is roughly proportional to it. Thus, about 20 ants turn to direction C and the other 10 ants turn to H (Fig. 1c) ; the outcome is that more pheromone is deposited on the shorter path BCD. As time goes on and the process repeats, the pheromone amount on the shorter path accumulates faster, and more and more ants choose this path. With the above positivefeedback effect, very soon all ants choose the shorter path. A new biomimetic algorithm, Chemical Ant Colony Algorithm, has been developed, which has the characteristics of intelligent search, global optimization, robustness, distributed computation and easy combination with other heuristic. The proposed method has been successfully applied to the spectroscopy analysis of the Zn 2+ , Cd 2+ , Pb 2+ -porphyin tribasic color system with supramolecular properties; the errors are within ±8.0%. 
Basic Principle of CACA
In the chromogenic system of Zn 2+ , Cd 2+ , Pb 2+ with TMOPP [meso-tetrakis(4-methoxyphenyl)porphyrin], metal-porphyrins can form supramolecular structures 9 with each other. Their visible spectra overlap, 10 and can not be resolved for determining individually. Their fourth-order derivative spectra have greatly increased sensitivity, but the overlapping issue of the peaks still exists (see Fig. 2 ). In order to solve this problem, and in order to also validate the serviceability of our CACA method, we first apply ACA to carry out a multivariate calibration of the Zn 2+ , Cd
2+
, Pb 2+ -TMOPP system, and obtain a satisfying result.
In analytical chemistry, the response value (d n A/dλ n ) of norder derivative spectra abides by the Lambert-Beer Law with additivity, as does its UV-Vis spectroscopy. Thus,
Here, ci is the concentration of the i component, ω n i(λ) is the sensitivity of the n-order derivative spectrum, d
n A/dλ n is the measuring value, Σω n i(λ)ci is the estimated value of d n A/dλ n based on the Lambert-Beer Law, and e(λ) is the estimate error. To obtain the smallest estimate error is the objective in analytical chemistry. Through that, we can turn an analyzing issue of multicomponent mixing spectra into an optimization issue using e 2 as an objective function, and applying the ACA method to carry this out. A flow chart to analyze the mixing spectra of the chromogenic system of Zn 2+ , Cd 2+ , Pb 2+ with TMOPP through the CACA method is shown in Fig. 3 . In the analyzing process of the mixture spectra through the CACA method, we use the different combinations of ω n i(λ) values for the paths. The qualities of the paths are evaluated by e 2 (λ), and the evaluation results at every time are recorded according to a certain form (such as ∆τ) as a pheromone. The pheromone may gradually add and evaporate. We thus use parameter ρ to adjust the volatility of the pheromone. The ratio of the total pheromone on a certain path to all paths is used for the selection probability (pi) to guide the search for the optimum path. Moving in cycles, in the end the best path (standard derivative spectra) will be found, and the mixture spectra will be analyzed. The adjust formula of pheromones is as follows:
where ∆τ is the pheromone added in this cycle, (1 -ρ) is the evaporation rate of the pheromone (0 < ρ < 1), and Q is a positive parameter. The probability (Pi) for selecting certain path, among those paths that have not been chosen, can be expressed as (6) Here Jx(p) is the set of paths used for the choice.
Results and Discussion

Instrument and parameters
Mixture solutions with different ratios of Zn
2+
, Cd 2+ , Pb 2+ are
otherwise. prepared and a chromogenic reaction is conducted with TMOPP according to the reference. 10 Their 4th-order derivative spectra are scanned on an Hitachi 557 spectrophotometer. The pure spectrum and the concentration of the single component in the mixing chromogenic system are analyzed with the CACA program by C language on a Legend computer.
In the analytical system of Zn 2+ , Cd 2+ , Pb 2+ with TMOPP, d n A/dλ n is directly proportional to n and ∆λ, and the other conditions are also correlated with the sensitivity. Thus, the parameters of the instrument are selected as below: n = 4; speed = 120; ∆λ = 10 nm; slit = 2 nm; response = 0 s.
Choice of evaluation function
The evaluation function is a standard used to judge the individual quality and colony optimization.
A suitable evaluation function can not only speed up the algorithm convergence, but also improve the calculation precision. Generally, the evaluation function may have an absolute error, a relative error, a mean-square deviation and so on. Tests show that the sum residual square (rsum = Σ|d
) is the best choice for the CACA.
Choice of parameters ρ
The ρ value is a parameter used for adjusting the renewal rate of the pheromone. In the ant colony optimum process, the choice of the ρ value is very important. If ρ is too small or too big, it will influence the calculating results. Tests indicate that suitable ρ values are in the range of 0.3 -0.8, and 0.6 was selected in the present work.
Analytical results of spectrum and concentrations
According to the above CACA principle, the pure spectra of all components in the mixing chromogenic system with known concentrations ci were fitted (that is ω n i(λ) in Eq. (1) was obtained). The fitting results are shown in Fig. 4 . Figure 4 (a) shows that three pure spectra of Zn 2+ , Cd
2+
, Pb 2+ -TMOPP fitted from the mixture spectrum through CACA are in good agreement with the experimental results given in Fig. 2 , whether they are on the side of the peak shape or the peak place or the peak intensity. Figure 4(b) shows a comparison of the mixing spectra of the fitted and the tested spectra. The fewer errors (see the error curve of Fig. 4(c) ) of the fitted spectrum give powerful support to the above conclusion, which shows that the appearing regions of the bigger errors are at the peak tips, and all of the errors are within ±0.05.
After obtaining ω n i(λ), we carried out a concentration analyzsis of a series of mixing samples containing Zn 2+ , Cd 2+ and Pb
. Table 1 gives the analyzing results of artificial samples with different ratios of Zn 2+ , Cd 2+ and Pb 2+ . From Table 1 , it can be seen that the computational relative concentration errors by the CACA method are within ±8% at the ng/ml level, which indicates CACA's success not only in spectral fitting, but also in concentration analyzing.
In the actual accounting process, the partial least squares (PLS) procedure is simple, but the precisions of the parameters depend on each other. Although an Artificial Neural Network (ANN) is good for fitting the results, over-fitting can easily occur. Genetic algorithms (GA) can deal with any nonlinear problem better, but the convergent speed is slower. Thus CACA provides a new way to solve complex combinatorial optimization problems. 
Conclusion
A Chemical Ant Colony Algorithm has been developed based on ACA and chemistry principles of chemistry. It can excellently solve the multivariate calibration issue of a complex supramolecular analytical system. The method is easy for finding better solutions by positive feedback. After being revised, it can be applied to other fields of chemistry and chemical engineering.
